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The crack growth analysis program developed foc the George
C. Marshall Space Flight Center by Del West Associates, Inc.
is described. The technical approaches used within the
computer program are presented and the input and output
formats and options are described. Example data and example
problems are included.
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INTRODUCTION
In order to include the important consideration of structural
failure du^ to the presence of flaws and crack-like defects in
aerospace hardware; it is necessary to have a computer program
capable of performing crack growth analysis that is easy to use
and generally applicable. The need for a computer program (as
opposed to simple hand calculations) arises from the complexity of
growth descriptions required for crack growth analysis of real
materials in complex structure under a variety of loading and en-
vironmental conditions. The MSFC crack growth computer program
developed b Del West was designed to meet this need.P	 Y
The MSFC crack growth computer program calculates crack growth
for part through cracks, through the thickness cracks and cracks
which are tr:.nsitioning from part through cracks to through the
thickness cracks. The computer program has been written to be
flexible in its operation and to be easily adapted and changed
as fracture mechanics technology changes and/or the design usage
of the program changes.
The computer program is essentially an integration routine which
calculates crack growth from an in initial defect size and ter-
minates calculation when the crack is sufficiently large for a
critical condition (instability or rapid growth) to he reached.
In addition, if a desicln life is not met for a particular structure,
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the program has the capability of varying the thickness of the
structure so as to establish the thickness which will meet the
design requirements.
1	 i
During the period when a crack is a part through crack, crack
I;
growth in ti.e depth and surface directions may be different due to
variations in Stress intensity factors and/or directional depend-
ence of material properties. The MSFC computer program considers
both of these effects and hence incorporates realistic crack shape
changes. During the period when a crack is transitioning from a
part through crack to a through the thickness crack, the crack
lengths on the backside and the frontside are different. The MSFC
computer program tracks the growth of these two dimensions separately;
evaluating the stress intensity factors at each surface until these
dim%.sions are the same and the crack has completed its transition
to a through the thickness crack.
The computer program allows two different methods of load input.
For each step in the loading block, the user specifies either:
(1) Maximum Stress, Minimum Stress, Number of Cycles or (2) Maximum
Stress, Stress Ratio, Number of Cycles. It should be noted that if
crack growth mechanisms other than fatigue are being considered
(e.g., static stress corrosion) the appropriate rate variable can
be used instead of cycles (e.g., time at load) in conjunction with
appropriate material constants as described below to perform a
wide range of phenomenological studies.
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The use of a limit load (a load which may be higher than any load in
the actual spectrum) to determine the end of design life is a
common practice. The NIS FC computer program has therefore been
% i tten to consider a separate limit load (apart from those in
the spectrum) and to determine when it causes failure. However,
after failure due to limit load occurs, the crack growth cal-
culation continues. The limit load failure information is included
in the output.
The crack growth rate material properties may presently be input
into the program in any of three formats: (1) Paris equation with
upper and lower cutoffs in stress intensity factor; (2) Forman
equation with upper and lower cutoffs in stress intensity factor;
(3) Collipriest-Uiret equation with additional upper and lower cut-
offs in u + vess intensity factor. An important feature of the
material property description is that different materials properties
(crack growth equations, fracture properties, yivId stress, etc.)
may be designated for each Step in the loading spectrum. Thus varying
temperatures and environments may be considered.
'r
The bLSFC crack growth computer program has the capability of
utilizing any one of three crack growth retardation models. Of
course, the effects of retardation on crack growth will not be
considered if the user does not request it. The three models
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presently available are: (1) Willeaborg; (2) Wheeler; (3)
f
Grumman Closure Model.
4	 -	 The module which performs stress intensity calculations currently
includes stress intensity equations for: (1) Part through cracks
with front and back surface correction factor y ; (2) Transition
cranks; (3) Center cracked panels with a finite width correction
factor; (4) Compact test specimens.
As many runs (each with varying input conditions) as desired may
be stacked. As additional runs are rtade, only that section of
data which is changed (i.e., loads, material properties, or geometry)
r
need be reentered. Output for each run may be controlled by the
a;	 user. Minimum output foz each run consists of information on input
data and failure (crack lengths, cycles, etc.) as well as crack
r
lengths, stress intensity factors, and crack growth rates for the
first and last cycle of each stress level in the first load block
applied as a part through crack, transitional crack or through
crack. Additional information (crack lengths, stress intensity
factors, and crack growth races) for particular blocks and loading
steps may be re.;uested by the user.
A flow chart showing all subroutines is presented in Figure 1.
5
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Subroutine	 function
MAIN	 Reads Input, Sequences Runs, Performs Iteration on
Thickness, Calls Appropriate Crack Growth Module.
PTC GRW	 Calculates Crack Growth for a Part Through Crack
TRANS	 Calculates Crack Growth for a Transitional Crack
TC GROW	 Calculates Crack Growth for a Through the Thickness Crack
KANAL
	 Evaluates all Stress Intensity Factors.
DAi% 1AGl3	 Calculates Crack Growth Kates
RETARD	 Modifies Input to DAN1AGC to Account for Retardation
Effects.
Figure 1. Overall Flow Diagram
N6 FC Crack Growth Analysis Program
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TEXIINICAL ANNI(OACH
The orlsence of the crack grc.wth analysis procedures consists of:
1) Considering each loading step in a load block in turn.
2) L'valuating stress intensity factors, using the ;tresses from the
step under consideration.
3) Using these stress intensity factors (and previous loading history
if retardation is considered) to calculate crack growth rate.
4) Consider a small amount of growth (—Iry of current crack size)
and calculate the number of cycles it takes to grow that amount.
If that amount exceeds thr cumber of cycles not yet consumed in the
step then only those remainin(^ cycles are used and a corresponding
crack growth increment is calculated.
S) Crack lengths are incremented, cycle count is incremented.
6) This process is continued until .-.11 cycles in the step are con-
sidered, The next step is then called. At the end of a block the
First step is called again.
7) The calculation ends when;
a) The critical stress intensity k -'then at the surface or at
the depth of a crack) is exec: -,Jed.
b) There is no crack growth ( C 10 -tj in.) for an entire block.
c) The crack growth rate goes to infinity (when using the Forman
equation for crack growth rate).
(1) The maximum number of blocks is exceeded.
8) All inpat and all outpat data are in units compatible with	 Kips
and inches. (e.g
	
Ksi, Ksi in. and in/cycle.)
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The subroutines PTCGlt:+1 1 TRANS, ano rCG1iUW calculate the crack growth
increments, return to m.%in for inform a tion on the next loading step,
consider when to end the calculation and transfer to each other
ry^	 (PTCCRW -4 TRANS — TC(RUW) as required. For a hart through crack
PTCGRW performs these functions until TRANS is called. TRANS is called
i
when the crack depth equals the plate thickness. TRANS performs these
functions while the crack is transitioning to a through crack and calls
TCGVOW when the back surface length exceeds 9570 of the front surface
length. TCC;ROW performs these functions when the crack it a through
crack and may be called by TRANS or in those cases when a through crack
'	 4s considered initially it is called from MA M initially,
The equations in KANAL, DAMGF. AND RETARD are, of course, the heart of
the crack growth analysis program	 These are described below.
KANAL
KANAL is a subroutine which returns factors, which when multipied by
the appropriator loading term yields stress intensity factors. Thus the
loading input must be compatible with the crack configuration con-
sidered. For the configuration currently in the program the corres-
a
ponding name (KMIO ) and required Load description are as follows:
KfYPO	 Con fiQuration
	 Load Description
1	 Center Cracked
	 Gross Stress
Tension Panel
	 (Ksi)
8
0	
9
Kryi,o	 Con 	 ion	 LoAd Dvscr ipt ion
2	 ASTM LI-399	 Pin Force
Compact Specimen	 (Kips)
3	 Part Through	 Gross Stress
Crack	 (Kai)
4	 Transition Crack	 Cross Stress
(Ksi )
The equation used for the center cracked panel is taken frum Fedderson
(Ref. 1 ) and is :
K = ^!^ C Sec 74-C
where the dimensions are given in Figure 2.
w
r
The equatin- used for the compact specimen is taken from Ref,2
K =	
F,	
9.h	
112 _	 3/2
185.
.'
	
(S:)
C 5/2
	 C 7/2
+ 6 55.7 ^ t,l	- 1017.0   (`^^
+ 638.9 I Wl 912
For the part throuUh crack the stress intensity is evaluated at the
surface and at the depth. In both computations a. term "Q" is used.
11 i2 " is composed of an t:llipticat integral, S ti (a/3C) which at.-counts for
some effects of crack shape and Q also contains a plasticity correction
factor. An approximation developed by Rawe (Ref. 3 ) for the pertinent
elliptic integral is used in the computer program.
4, 
2 = 1. * 4.593 (a/2C)1.65
9
KTYPO •,# 1
1
Center Cracked Panel
L....-
L ,,	 I
h
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KFYPU a
1
1	 f
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Transition Crack
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Compact Specimen
KTYI'O = 2	 iKfYF't)
—;,..'2Ci
Part Through Crack
riglre 2 - Crack Configuration
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'	 The plasticity correction factor is that proposed by Irwin (R ef. 4 )
except that the range in stress is used since the stress range and
the reversed plastic zone it produces is significant in fatigue
The equation for Q is
2	 Alf 2
'2 a 4	 = .212 Alf
ys
where Juis the gross stress range and a ys is the .20 offset yield
stress. For the stress intensity at the front surface the equation
used is
K (Surface) .c (1.12 + .11 a/C)Ii3;2	 C
Where the expression in parenthesis is a "front surface correction
factor." This factor is simply a linear vari.arion with shape between
the two available sulutions (e.g., 1.12 for a/c = 0 and 1.23 for
a/2 = 1, Refs and 6 respectively.) The expression for the stress
intensity at the depth is taken from the work of Shad and Kobayashi
(Ref. 7 ) with K ( depth)	 R	 M	 Vra/Q^
Uack front
Their expression for Mfront is:
Ntfront = 1 + .2 (1 - a/2C) 2
Their backface correction factor has been put in an equation form by
Co.11ipriest and Ehret (Ref. 8 ) and is:
M	 1	 (11. 2315
back 	1 + 0. 502 0.089 t ? 	( a )t
- 0. 3873 t ) 3 + 5. 2Y t )4 - 9. 11 (t )5 4 5. 233 \t \h
2	 3
x [ 1. 1:^9 - 9. 142 C2c) + 41. 56 \2c) - 86. 55	 (Zc)
+ 65.5 ^2c) i
11
t !
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"he stress intensity equations used for a crack during transition
are approximate expressions developed by R. M. i;hret which predict
observed crack growth behavior. The stress intensity for the front
r 4	surface if taken to be: (See Figure 2	 )
Kfront = V'V C Sec 2W
and the stress intensity for the back surface is taken to be
CRC
K
back 
r 
1_ 1-(C,11C)	 Kfront
..a
,r
X11
w
t
I
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The subroutine DAMAGE currently contains three equations for cal-
'	 culating crack growth rate. In all cases the independent variables
are the effective stress intensity factor, KE, and the eff.._tive
t
stress ratio, RE. Mien retardation is not used KE. is simply the
stress intensity range (KN'NX - KAIIN^ and RE- is simply the stress
ratio. Mien retardation is used, KE and RE: are calculated in
RETARD.
The following equations all contain material property constants
designated by D(1W,1,J). Pr indicates whether the surface (NC = 1)
or depth(NC = 2) is bein3 considered. 1 is the constant number in
c
that equation and indicates the order of the constant on input type
10 cards. J is the material type number. In order to call out the
proper equation the corresponding equation name (NW) must be called
out on card type 9 columns 11 - 14. Note that each material type
could use a different NE:Q.
	
NIX
	
U)TIAT ION
	1 	 Co.11ipriest-Ehret
	
2	 Paris
	
3	 Forman
13
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The Collipriest-Ehret equation is
da a C 1 EXP
	
IC^
	
I'ANH- 1
do
ln(KF; 2 /(1-RI?) U (NC,3,.1) 1) (";C ,4 ,.1)
In (I-RE) u (NC,4,J)/D (NC,3,J)
2C 1	D(NC,I,.I)	 D(NC,3,J)	 U (NC ,4,J) I	
U(1vC 2 .IJ
In	 U NC 3 J	 1)(NC,2,.JC 2	 ( U(NC,4,J)) — -
_J
where
D(NC,1,J)	 Crack growth rate coefficient
D(NC,2,J)	 Dimensionless Coefficient relating to
midrange slope
D(NC,3,J)	 Critical stress intensity (upper asymptote)
D(NC,4,J)	 Threshold stress intensity range (lower
asymptote)
The Paris equation is
da	 -	 D(NC,,I J)	 DE,D(NC,2,.J)
do
The Forman equation is
,
da	 _	 D(NC , 1 ,J) KF n(. NC 2,J)
do	 ( 1-RE)	 DGX 3,J)-KE'
where
D(NC,1,J)
	 Crack growth rate coefficient
D(NC,2,J)	 Crack growth rate exponent
D(NC,3,J)	 Critical stress intensity (upper asymptote)
14
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RETARD
The subroutine RETARD currently contains three retardation models.
in each of these a crack tip plastic zone r  is calculated accord-
ing to the equation
1 _ x FZ m:ix
) s
where Pz is a constant depending on the degree of plane stress
versus plane strain	 For plane stress Pz = 1. For plans strain
Pz = 3.
The following is the retardation equation number for each retardation
model. (!npat for Columns 15 - 18, Card Type 9)
s	 NRET
1	 Willenborg Model (Ref. 9 )
2	 Wheeler Model	 (Ref, to )
3	 Grumman Closure Nbdel
	
(12ef. 11 )
The Willenborg retardation model cells for no constants other than
Pz. The only material property input for this model is therefore
C1Z (NC, .1, J ) = ?z
The "Wheeler" model in this computer program is actually a variation
of the model originally presented by Wheeler. Wheeler used a modifi-
cation to the crack growth rate to produce a retardation effect and
we have used a modification to the dependent variable K r:. If the
.ij
15
^	 a ^
Faris equation is used for crack growth rate the "Wheeler" model
in this computer program is identical to the model presented in
Ref. 10. The input material properties for this model are
CR(NC,1,J) = Pz
CR(NC,2,J) = m/n
where m is IJentical to the "m" used in Ref. 10 and n is the
exponent in the Paris equation (i,e., if the "Wheeler ri ll were
5 and the Paris "n" 4, the input value for CR(NC,2,J) is 1.25)
The details of the Grumman Closure model are too complex to be
described here. The input is described below
Input Quanti'.i
	
Name in Reference
CR(NC,l.J)	 Pz
CR(NC,2,J)	 Cf
-1
CR(NC,3,J)
	 C 0
CR(NC,4,J)	 p
CR(NC,5,J)	 NSAT
CR(NC,6,J)	 71
CR(NC,7,J)	 e
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CARD	 FIELD
TYPE
NOMENCLATURE DESCRIPTION
1	 1-40 TITL Any alphanumeric	 description
of group of runs
2	 1 -4 NRUNS Total number of runs (one run
corresponds to a unique set
of input data.)
2	 5-10 NBLOCK Maximum number of blocks to be
considered.
	
Crack growth cal-
culation ceases when the number
of blocks exceeds this number.
2	 11-14 N1:LOCK Block interval for which addi-
tional data will be printed
3 would imply that blocks
3,	 6,	 9,	 12 .... etc.	 would have
data printed out).
2	 15-18 M.STI?P Step interval for which addi-
tional data will be printed (in
the blocks called out above).
3	 1-10 CSTRS Constant multiplier for stress
inputs.	 Allows stress spectrum
to be varied by changing one
number only.	 (e.g.,	 one run with
this constant 1 and one run with
this constant 1.1,
	
will show the
effect of varying	 the stress 10;0).
3	 10-14 NSUP Constant for suppression of re-
tardation in crack growth analysis.
If zero retardation is not con-
sidered.	 If retardation is to be
considered, constant must be 1.
n a
4
1.1
t
7"M
I NPUT
There are 13 distinct data input card formats. These are described
below:
17
CARD	 EIEID	 NOMENCIATURI's	 Dj:5CRIPTION
_ TYPE
3	 15-18	 NL.OAD	 Constant to indicate whether new
load data is to be input. If zero,
(or any number not equal to 1)
load (_hita will not be read in and
load data from previous run will be
used. If it is 1, card types 4
and 5 must follow.
3	 18-22	 NGLiOM	 Constant to indicate whether new
geometry dt,ta is to be input. If
zero (or any number other than 1)
geometry data will not be read in
and geometry data from previous run
will be used. If it is 1, card
types 6 and 7 must be read in.
3	 22-26	 NPIAT	 Constant to indicate whether new
material data is to be input. If
zero (or any number other than 1)
material data will not be read in
and material data from previous run
will be used.	 if it is 1, card
types 8, 9, 10, and 11, 12, 13, if
needed must be read in.
3	 27-30	 ITER	 Maximum number of iterations to find
thickness that produces the desired
life. May not exceed 10, may be .left
blank. Remaining items on card three
are left blank, if iter equals zero
(or blank).
3	 31-40	 PIT	 Parameter to control rate of con-
vergence on iteration to find thick-
ness. Usually set to exponential
power in Paris crack growth equation
for crack growth data. When other
crack growth equation is used, app-
roximite value of a "Paris exponent"
will be sufficient. Must always be
greater than 1.
3	 40-50	 BLIFE	 Desired life in blocks.
18
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ANn FIELD N'	 V T. LA r n?a '-ni'r wti
1 1-4 i•J:; r'si' Nunber of s macs in load blocks.
4 •1-8 1R ?ero if input format includes
minimum strv- s, 1 if input
r rormat	 inc:lules stress ratio.
.1 4 8-18 SIL-;LM Limi t stregq for additional end
of	 life	 13trrini.^u► ti^rl.a^..	 Fatl^re
EI d1e to 1W , 	load sloes not t• or-
mi.awta crook growth calculation.
i r
5 1-10 SMAK Nax imum stress.
5 11-20 SMIN Minim _tm stress
	
if 11? a O,	 stress
ratio of IR a	 1.
5 21-30 UNIT Number of c:vcles or alternate
ralte	 va r lal.le.
S 31-3.1 TYPE M:i'	 -1-tat property data type to 	 T'
)Ac	 uscta.
6 1-4 KMIO Initial stress intensity type,
f
7 1-10 W Plate width,
7 1.1-20 Tit PLAte thicknoss
7 21-30 CO I1)11 i.-II	 ii. ► 1 f	 S-irface	 len9t''l	 for
!)at f	 c u • )'1	 ..,•k
	
or	 cent(?r	 cvaclk.
i	 .. 	 i	 ♦ 	 'rt	 ill	 E	 399-72)
deb, L ipi i-)n ,.,z cumpact specimen.
7 30-40 AO Crark rleplh for a part through
cra ,_.k	 Ma„	 e left zero for
thxuu(jh cru,:ks,
8 1-4 NJ Number of material property types.
9 1-10 SIGYS Yield stress.
9 1 1 - 14 NI-Q Eouat ion to be used for crack
grow+.n	 1 = Collipriest=Fhret,
2 =	 1-aril,
	
3	 =	 Norman.
19
00
DESCRIPTION
odel to be used for retardation
none, 1 = Willenberg, 2 a
heeler, 3 = Grumman Closure
not debugged).
onstant to indicate whether
rack urowth properties are the
ame in depth and surface dir-
etions. If constant z 1, they
re not and two sets of D r s and
R I s (see cards 10-13) must be
nput,
ritical stress intensity in
urface direction (upper cutoff).
hreshold stress intensity in
urface direction (luwer cutoff).
ritical stress intensity in depth
irection. Need not be input if
rack is a through crack.
tireshold stress intensity in
epth direct iun.
	 Need not 'ae
nput if crack is a through crack.
unstarits in crack growth equations -
urface direction. Data is read
n until a zero is reached. See
ext for description of constants.
Dnstants in crack growth equation -
epth direction. Data is read in
ntil a zero is reached. If NDM' 1E
, card is not used. See text for
ascription of constants.
1-10 CR(1,I,J) Constants in retardation equation -
surface direction. Data is read in
until a zero is reached. See text
for description of constants.
13 1-10 CR(2,I,J) Constants in retardation equation
depth direction. Data is read in
until a zero is Leached. If NDUP
1, card is not used. see text for
description of constants.
20
CAId) FIGI.D l 11-N INPUT DATA REQI ► IRED
TYPE.
1 1-40 Once for each session.
2 1-16 Once for each session.
3 1-22 Once for each run.
3 22-50 Whenever an iteration on thickness to
meet design life is desired.
4 1-18 Whenever NLA)AI) = 1.
5 1-34 NSTLP times when NLOAD = 1.
6 1-4 Whenever NGEOM = 1.
7 1-40 Whenever NGMM = 1.
a 1-4 Whenever NNL1"r = 1.
9 1-62 NJ times, when NINtAT = 1.
10 1-10 NJ times, when NNIAT = 1.
11 1-10 NJ times, when NDUP = 1 and XMT = 1.
12 1-10 NJ times,	 when N%tx,r = 1 and NRE'T pi 0.
13 1-10 NJ times, when NMAT = 1 and NiZ t=T # 0 and
NDUP =	 1.
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CONTROL OR uUTPUT
i	 ,1
W 4
In addition to information describing the input data and nn
fracture, the computer program output consists of crack lcnghts,
stress intensity factors, crack growth rates, and cycle counts.
These are printed out for the first and last cycle in the step.
This data is always printed for each step of the first block
encountered in Any of the growth modules (i'fccuw, TRANS or TCGROW)
This data may also be printed out for additional blocks and steps
as desired by the user. These additional blocks and steps are con-
trolled by specifying the increment for blocks and steps for which
print out will be made NOSLOCK AND MSTGP respectively. Thus if every
step in every other block is wanted, 1%2iI.(JC:K is set e(JUal to 2 and
MSTbP is set equal to 1.
a
hINPUT FOR ADDITIONAL RUNS
A full set of inpit data in not necessary for each additional run.
The use of a stress multiplier constant (CST I?S) allows all the stress
to be varied by a constant percentage without inputting any addi-
tional input cards other than card type 3. If the stresses are to	 I
be used directly as they are on card type 5, f—'iTRS is input as 1.
The input constant NSUP allows
sequent runs.	 Fhat is if a rUl
the following run will perform
NSUP = 0. When retz^rdaticn is
Obviously the order of running
by unretarded.
retardation to be suppressed on sub-
i is made that considers retardation,
the same anaLysis without retardation if
considered NSUP inust be set equal to 1.
the cases must be retarded, followed
In order to control whother loading data, geometry data, or rmaterial
properties are to be read in for a particular run, the constants NLOAD,
NGIM, NNIAT must be input, If data is to be read in, the appropriate
constant must be 1, it it is not to lie read in, the appropriate con-
stant is 1. If data is not read in, data from the previous run is
used. Obviously, for the first run NLOAD, NGHOM AND NN1AT must all
be 1.
24
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ITERATION ON 1'IIICKIYISS
1
16 1 1	 .
For a given design life (in blocks) the computer program will
search for the thickness Waich will meet that life regairement.
The num`_)er of iteratio!is atte,apLed is input by the user.	 the
maxim-zm that this may be is ten. This computer program ceases its
search when the allowed number of iterations is exceeded or the
computed life lies be*.w ,.!ea 1 -)(X; and 105`10 of the design life. Life Y
is arbitrarily defined as the numl.,er of blocks completed plus the
a"
number of steps completed/total number of steps.	 '•
In addition to inputting the num'jer of iterations and the d(.sign life,
an er)oneot which will control the rate of convergence to the correct
thickness must be inserted. When the Paris equation is used with zero
threshold for a through the thickness crack, the use of the exponent
of the Paris equation for the convergence parameter should result in
a convergence to the correct solution in a single cycle. Any constant
equal to or greater than the "Paris coefficient" should insure
convergence.
25
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n^e^w
dI
CRACK GROWTii RATE. DATA
illowing data for use in the Collipriest/Ehret equation
1) is typical data for the materials listed. The data
J uded for example purposes only and caution is advised with
to design implications of the data E.)resented. The crack
growth rate is in in/cycle and the stress intensity factor is in
K s i in.
s
i
Material D(NC,1,J) O(NC,2,J) D(NC,3,J) D(NC,4,J)
Coefficient Relates	 to Upper Lower
Midrange Asymptote Asymptote
Slope
'r 	2024-T851 1.6	 x .10
-9
3.45 38.0 3.4
I^	 2124-T851 3.3 x 10 -10 4.0 31.0 3.5
2219-r87 2.2 x 10
-9
3.3 40.0 5.5
(70oF)
2219-T87 8.9 x 10 -12 4.82 50,0 5.5
(-3200F)
7075-T6 4.4 x 10 -8 2.53 33.0 3.0
7075-T76 6.3 x 10 -9 3.0 30.0 3.0
7075-T73 7.07 x 10-8 2.67 40.0 3.5
Ti-6A1-4VSTA 6.8 x 10 -10 3.3 50.0 7.0
Ti-6AL-4V 5.7 x 10 -10 3.18 134.0 6.0
Annealed
Inconnel 718 4.0 x 10 -10 2.7 115.0 15.0
(STA)
D 6AC 7.5 x 10- t0 2.74 90.0 6,0
mum=
CRACK GRO,t►T}i ANALYSIS LXAMPLI?
11 11	 l
,j
Sample input data for a series of two runs is given oa page 29.
The first run is a part through crack subjected to a series of
two .loads of 1000 cycles each. The material properties associated
with each load level are different so as to model the effect of
temperature variations. The second run is the same except that
the initial crack configuration is a through the thickness center
cracked panel. No ouput beyond the normally supplied out is re-
quested fo: these runs. The output is show , i o . -i pages 30 through
33.
A second example consisting of a series of three runs is presented
on pages34 throag'i 45 . Page 34 is the input for these three
runs. For these ru-1s data on every other block wa,, requested. The
output was therefore rather extensive. All the information was not
needed here and therefcre only the first and last page of output of
those runs discussed are reproduced.
The first run has two laadinj steps, calls for a retardation model
(WiLlen`3org) and requests a maximum of three iterations to find a
thickness compa'able with the design life. A rather low (compared
to the "Paris e;a,)o:ient" ) convergence exp f.) gent of 2 w-JL., used. The
output for the first iteration is shown on pages 36 throug% 38 and
t
27
'	 Jr
I.
The report on the iteration is shown on page 39	 Due to the
j	 use of the excessively lox value of the coAvergence exponent,
the thickness has not co ,iverge-d to the appro-priate value. Note,
however, that the informatijn is still quite useful and that a
t
simple hand plot of the result will show that the correct thick-
ness is about .52 ino:hes .
In the second run retardation was suppressed and r.o iteration was
requested. Note that the life for a thickness of .5 inches goes
from 137 blocks with retardation to 01 blocks without retardation.	 t
In the third run a step which similated a 490 second hold at a con-
'	 stant load with a resulting sustained load crack growth was included.
The crack growth .nodel was assumed to follow a "Paris" format
(N`iQ = 2) with an exponent of 1 and an appropriate constant was
assumed. As can be seen by the results, the life was reduced
further under the3c a:,s!imp-Zions.
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COMPUTER PROGRAM LISTING
t A
APPENDIX
OOMPUTER PROGRAM LISTING
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00302 S76 RLAD	 (5,6007)	 lIGTs(J1.N[y1J1'hRlTIJ1.NnuY.
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30477 Ile• OCSTN!-CSIhS
00.00 117• If	 ICSTOSI	 S10•til(j.Sllt
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006% 11 1130 ICo11100
006%b
—
1 %40e Icu111•70
1 L w I rTwtr-
f	 1
Vuwww-
006 116.1
-1194
IS6• IcN111.70
00660 1570 INCe.01
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0
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CALL	 TMANS
-00-11 3tp
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"?119---11'" ."--- I p T I Ctrr	 --?TVf Mrs4-M --	 --- --
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00 7 71 2060 681 IF	 IDATMP - I.E - 81	 6e3.7U0.713;1
00775 2070 683 IF	 IITRANS-II	 684,685.eg4
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- Is
	 U 
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	 '^
A I
,
0IU16 216• IF	 IN:OCK-NNLOLRI	 69U,b9o.IIo
01020 2170 710 iF	 11TER)	 boo .*88 0 720 -
olu2l 2140 720 ITCNT.ITENT01
0102 41 2196 THICKIITCNTI6TH
01026 220• LIPEIIrChTl.rLUATIrLUCR ► OFLOAT111/F:OA11NlIEP)
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---7CTLTTTTCFTTwE
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	 7 509 7 60 0 ► 40	 -'	 - 1
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- 1
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O T Hl4 - —! !!^ - vm-ww",st
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	 -------^
0!6#O 136• 753 CST w S.CSTMS/nlf I
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---VTVTj------
-Sp-R-ir1R'r*s7r)l^t'S7
	 - ^1
01047 I4C• SI6LM.SI4LM/nC5TRh6CSTNS 1
01070 741• OCSTRS.CSTNS
OIU71 1420 4(j	 TO	 530 I
OIU72 741• 140 Aklrr16,6O211
01U74 2446 Un	 770
	
K . I,I Y CNT ,
-- u I w I p I--'7Tu "WRTTKra •	 ,	 I rv,
ollo b 2460 TH.OT H
011OR 2"79 IF	 I ING-11	 AnO,7 R 0.80 1)	 --`-•	 ^-
01111 2.40. 783 ONI TV. 16,eU131
01113 1441• 000 IF	 INR-NRONS I 	07 n .o10.810	 -	 - -
01116 21,00 610 CONTINUE
TI tl t— 9%1-- ?TT7p^_..__	 —
01120 251• tl20 II	 II(NIII . 1-	 tl30.10,R3rt 1
OIIII 141• •lU Irl ► LA411	 I0.10. 4 4U	 ------"^---)
01126 1540
"4 (1 ARITE16.6n19)	 IRLUCK.ISTf P.CVMLLM 1
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-1
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'—_..
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1
_.01129
01136 11,00 SJO•1
-
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01141 261• 5006 FORMAT 14LIU.II
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I,3 to' 1r--
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fRA(.TnRf
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01144 1659 1	 14.11H	 STLP	 AFTER	 .IPLII.J.7H	 CYCLES)
OI145 1Ae• 6U2C FON M ATIIOMUNO	 4406TH	 1 1
01146 2610 6021 rg R M ATI28H1
	
ITERATION
	 RESUL T S	 . / /IS X , ^)
011 146 I6M0 1	 II HP L k (ENT	 of,/37H	 THICKNESS
	 LIFE	 RL*U1NLD
	 LIFE.//) 1
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	 INPUT
	 DATA) 1
01151 2710 8003 F0k M AT11H0,S R ,I 9H STw'SS	 F ACTOR	 ,IPf12•t./IH	 .511, 1
01151 2720 I'SHLIMIT	 STRESS
	
,E12.3. /ImO.bx, 1
01151 2730 "62HSTE.P	 MAX	 bT R ESS	 MIN	 S T RESS	 UNITS(CYCLtS)
	 MATERIAL TYPE,1
01151 2746 3//I 1
—71T';- 2 M rte,-+ A .	 , Z A , I Ft I I . J	 J • J • Z X , _ 1 7 • 3 , 5 A,
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FORMATIIH
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0115A 1820
,	 ,	 .
	
,
1	 YHTHKESHOLD,9A,AHCRITICAL.10A,9HTHRESHnLU./IH	 ,bA. 1
01156 1039 2',6HMATERIAL
	
YIELD	 GkONTH
	 RfTAROATIUN
	 STRES5 1
01146 2840 363HINTENSITY	 STRESS	 INTENSI T Y	 STRESS	 INTLNSIIY	 STRLSS
	 I,,fEN51TT1
01156 20s* 41./1H	 .7R.412HTTPE
	
STRENGTH	 EQUATION	 MODEL
	
.A. I
01156 2860 59H(SUkFACL1.9A.9HISUNfACEI.IOA,7M1DEPTH1,lIX,7MIULYTHI,/1
-Ott?i•--- -tl}H -A00V r0ol ,E1tt	 7gr3iiAl
	 0	 0	 . -M-1 ---7
01160 Zee* 8010	 FORM/TIIM0.21A.19M e ----.- • -•---S,111wE0YAT10N	 LOMSTANTS.
01160 -- love —	 11gN0eee.•........./IN 	 .] T M CONSTANT	 MATERIAL	 CRACK *WQVTRI j
01160 2900 22RMNATE	 METARDATION	 MODEL./IM
	 .17M	 NU M OER	 TT'96110
01I&U 2910 3q2N]UR/ACE
	
DEPTH	 SUR/ALE	 DEPTM1
01161 2920 0011	 FOMMATIIM	 .JA.IVr6Ar1,4.)A.1 ► ^I12.)1
— C I T s o --- .	 t T T ON-f KfiK*tTE kTi/7^;* .	 —^^^
01162 29,40 1	 21 N GESI(.h	 LIFE	 .1pfId.j.1IM	 •tiA.
. 01112 29%0 2	 20 M CONVENUE NCE	 EAPONENT.E12.)./IN	 .SR.
01112 296• )	 lUmITERATIO N	 NII M NEM	 rBA.l,4I
011•) 2970 •013
	
FORMAT (IN-.IRNITERATIONS
	
STO ►► ED./fii—i
01163 2940 1	 33MLAST	 /EMCENTA(.E	 LIFE	 IS	 INCORRECT.
—` 0TTr7—ZV
0116 9 300• END
END Of CONIIL A /IONI
	 -	 NO	 UTAeNOSTICS.
— "4061 P --	 /TC,SM•	 —	 —
I
-0
r
r
M^
M
1.9
rr
OOI"$	 1•	 SUbMDUTINI P T CUR R	 1
of ! 9i 	 a+
` 00103 J• 1	 OLL il ia. in, 	 Asp 	 Fir 
	
L.RCI.1kUL,
0o1n3 4 n a	 K U A I R OC.KIL R AIRC R CI RMAA , O A.nC.r1/M.Rt.h r 01 III .wOL1a71
001V3 S• l	 514,)IGLM,S1GTr S 1(. 7 5111 ) rSMlh(41j1,5MAX1411 1 .TMr	 1
Onln3 60 4	 u 14171472),A,DLT " Is 9 0ELImP,UA7MP.	 --,
00103 I• S	 ALU n N.A(OCK.rLAGI.I.IC0111. IC K111.IC0171.10LVCK.101115T.IPHN1111.
I
—or TtJT---1'r .	 .	 .	 .	 .	 .	 .	 /
OOIn 4 99 INTEGLA	 A L O A N .WL G C A .rL A GI. T ."'t1412).TIILI2U)	 1
I Deist 109 REAL	 K CLIKCI.KOLIKOAII0IIKOCIIOI.KCRA(IMI,KC R C1101.KMAX
	
l+
00106 119 AtAL	 INC,KA.KC
	 1
06107 126 K n 0
OnIIU 13• IrI - SI.I
--"I I I
	
` ! fIv --
orl12 150 1 J2 DtL•INC.A
00113 16• IF
	 (NNE TIJII
	 1450,105n.103O
	 1
00116 17. 1030 If
	 IAMSIMTULl211-.UU(1I)	 1 050.IUSU.103111	 1
_ 00121 1
 1 Q3 If	 IDEL-.I O RTOL1211	 1050,1050.1040
	
1
• 00124 1 1040 OFL • .16RrOL171	 1
OQT7S - Z0- ---T'QSTT 'I" Wurr— 	-
00126 21• IF	 IAnSIA-DEL-TwI-I.[-61
	 1060.10 6n.1070	 1
00131 226 1060 CALL	 TRANS
001 12 730 RtIuR1.	 1
00173 240 IU70 IF	 (A-TN)
	 10 9 0.10YO.In S O	 "'	 1
00136 1S. 1040 0tL I• T1 1 -A 9 DLL	 1
vu T TT- 29-9 --- A O TH
00140 27. 1090 SIGT•51GT!(J1
00141 2R• IF
	 (rLAGI)
	
1134.1100.1110	 I
00144 29. 1100 Roo	 1
00I4S 10• SIG.SIGLM	 "`— ''	 1
00146 11• CALL	 BANAL
-'-001 W7- ? 2f --?Tr' I 'S I	 VW9Ti O R C w M 1 3 1 1	 1 1 1 IF 1 I I 10.
00152 339 1110 it
	
ISIGI_M-rC-KCRCIJII
	 I(30,11313,1110
00155 148 1120 FLAGI•I
	 —	 l
00156 3S0 AL 1 M• A 	 1
00157 361 CLIM n C	 -`	 1
• 0014U 310 IhLJCR n MLOCK	 1
MAT—A T I R 9 ^
00161 3v• CJMELM n CUME
00163 400 1130 A n A-DLL/7
0 016 4 410 514-SMAXIII
••- 00165 420 R n SMIN(T)/SMAXII)
	
1
00166 43• KTTPE03	 Ie
^' --OO t iT'-- t^ --^L^lC7t
00170 459 A.A
-DLL/2
	 I
00171 460 RA.rASSTG
	 ' --	 ----	 "-'-1
00172 470 KC•IC.SIG
00173 4110 OKA•11-R1.KA	 I
00174 499 UKC-(I- RI.RC
uu.fi_ ._ -_S17 ---_-----TT`__TXW--rCWWTJTT1i^ff:Tt 	 ;iTSII--	 —
00100 51• 1140 1 
	
IKC•KCRLIJII	 1160.1160,1153
00203 52• IISO IF	 1PLAGII	 1152.1152,11S1
002n6 530 1151 AkITEl6.6n191	 IRLUCK,ISTEP,CUMLLn
00213 540 1152 RRITC	 16,60021	 ALOCKIIoCU14L
00220 SS• ICR111•-I
00122 S/. 1153 IF	 (rLAG1)	 IISS,IISS.1154
00125 5R. 1154 ARI T E16.60191	 IMLOCK.IST[P.CVMELM
00212 590 1155 ekITP	 16.60031	 ALUCK.I.CUME
	 I
0OZ37 609 ICR(I)0-1
00240 619 RETURN	 1
—^IITa r--. 11110 ,1170. 1
OC244 63• I1 IC UAUX-0
00145 640 IF	 (KUC(jI-D K C)	 1 190.1172.1 172
00250 by• 1172 K n I	 1
00251 669 DCUX.O	 1
00252 670 GU	 TV	 1211
—VUZST—Sm - 1 18n
0015 4 6Y. Lim, .DKA
00255 706 NC.2
00256 710 CALL	 DAMA6L
4!I
f
00297 726 If	 (DADXI	 IIII.I102,116t	 1
00262
_
736 list ICM1116-1
urvibT-
00164 IS9 1182 CUNT INUE
00265 766 DAD160161	 I
001.6 776 IF
	
(KOC(J)-D I( C1	 1 1 9 0.1 2 00.1?OP	 1
00271
7419
11'40 KMA16KC
00271 796 CK OO KC	 I
- Vo -- —'
00174 •16 CALL	 UAMA(aL
	
1
00279 •!- top	 fox0m)	 11 9 1.1192.11 9 2	 1
A 00300 %36 1 VI IC M 11)--1	 1
00301 •4- RETURN
00301 859 IIV1 C0r,TINUE
	
1
OO In 14 679 60	 TU	 .110	 1
003o 5 866 I2et, eCDK n O	 -	 - ---	 ---	 1
00306 696 1110 AVAIL-UNIT 11 1 -CU M E	 1
00307 906 1211 If	 11,RN11)-tPMN141)	 1201,170%,1205
00312 916 Idol 11	 IIPRNII))	 1202,1:03,120)	 1
-Qe 3 16	 9 l e ---t iO t -WWI TL I m. eII0
00321 936 Ilk I TI. 16.B0U3)	 1
00323 996 -- tPRNt l t-0
0032 4 956 DLLTMP n 0.	 1
00325 966 OCTMP-ot
00326 976 DATMP.O.
.4 —
 
00,3 1F -"" 1"26
00332 999 1209 IfIRST-0	 I
00333 -tOO9 IPRNfI)-iPRNfIift	 -- --	 1
00334 101• AkITL16.MOU41	 nLnCK.1.CUME,C.AtI(C,jA.o(MX.QAOA
00347 1029 IF	 (K)	 5000.1705,5000	 T
00352 1036 1205 CU,4TINUf	 I
—OQ	 --TO"I's T
003%6 1056 1220
.
0161	 1
00397 106•	 - OEL&DAUX	 —	 1
00360 1076 DC.DCDA	 r
0036t- ._._- t0%6	 -..__ —._.. 90 TO 1260	 ------	 __	 .---	 —	 I
00362 1096 1230 If	 IUAD11	 1235.1765.123%	 I
- 0"98%  XV X TSB !
00370 111• 1140 DELTMP-OELTMP.AVAIL.DADK
00171 112• It	 tA)	 T241,I247.12 4 1	 t
00374 1139 1241 If	 10LLTMP /A-I.f-41	 12 4 4.124 4	12 4 7	 I
00377 1149 t242 AmA9otLTMP
00 4 00 1156 DEL7MP-n.	 I
--- -tt'M^WVCTIRTSIIV"A I t IF ULLIX
00 4 02 1179 If	 IC)	 114S.I246.12 % S	 r
00 9 0 5 Ite9 1245 IF	 (DCTMP/C-I.L- 9 1	 5000.S0Oo,I246	 —	 I
00410 119* 1146 C-C*D(TMP	 I
00 9 11 1209 OCTMP•O.	 --	 1
00412 1216 6u	 TD	 Sn00	 I
—wv*T3 1 2 2
r__._.
I Z-31, 0170LL7
00 4 1 4 1239 DC.DX9UCDA	 I
00 4 1 S 1 749 C.0 TO 1760	 -	 --- -----	 —_
00 4 1 6 1259 1265 UC-INC 9 C	 1
00 9 1 7 1269 If	 (RYOLII)-1.E- 9 1	 1258.1256.1256
00 4 22 1276 1256 If	 104METIU)I	 115 7 ,1258.1257	 I
—iHZ'S
00 4 2 6 1299 1258
I
If	 IUCDX)•Sono.Soau.12%•	 1
00 9 31 -1306 1259 DX.DC/DCOX	 1
00 4 32 1319 DEL-0X6DADA	 1
00 9 3 3 1329 1260 li	 (DX-AVAIL I 	17 6 091280.12 70 ---	 — 1
00 4 3 6 1339 1170 UELTMP.DELIM P .AV A IL 9 UAUX	 1
00442 1359 1271 1F	 IOLLTMP/A-I.E-41	 127%.127 11.1712	 1
00445 - 130-*
	 ._ 1172 A.A-UtLTMP	 -	 --
00446 137 6 DELTMP.O.	 I
00447 1389 1274 OCTMP-DCTM ► .AVA119000X	 1
00 4 50 1396 If	 (C)	 1275,1276,1275
—*e SOVII.SuOu
00%%6 1419 1276 C-C-DCTMP	 1
_1142 0 	---- OCTMP.e.
00 4 40 1439 60	 TO	 Soon	 1
00461 144. IIRU 01LT 0 #` G DtLiHVv Vft	 I
00 ,4 62 140"* IF	 (Al	 12401.12.761291	 1
00+6 - tot-t"P 6-t,r-w--rf 1 ' r..0 0 1 rs•
00470 1470 1262 ADA•UCL1MY	 1
00471 I4A• 01001	 6n,	 1'
0047! 14V• Il44 0	 I M	 C 	 1
00 4 73 I6n• IF	 (C)	 12e'..12406.12R5	 —'	 1
♦ 	 T	 Our 16 16)0 Iles If	 IOCTM ► /L • 10L-4/	 12^^,1111.•1111.	 1
0alf"— 1 tv --Y7tt .TVrvv"W
0 0 S v J 153• UCTMP•0,
	 1
001n3 I!4• I/MP OAT MP.OXTHP.rK	 ---	 ,
oot,n 4 1st• IF	 I CvMrI	 12019,17V0,12891
00%Cl IS6• 11409 IF	 (()ATM ► /cU M E - I•E - 4 1	 1075.1026,1Ion
	 1
00612 l6)• 1190 CuME • cuNE • uN T "to	 1
out 19 -- rn• -VTTRPVU-, --- 	 - --- - _	 - -
-	 00,11 ,4 1,10• uu	 To	 lo76	 1
00616 1609 SUOV CONTINUr	 1
00616 1610 CUME•v11; T111
00617 162• it	 I IPR PI(I I -tPMNf	 I	 %010,S01n.S07U
00621 163• SU10 IP kN (II	 •	 I ► RN11101
0etrl^— t ^+►^ — — — wPrt?t+r, sf^t7^ r tlt^t,^ r t I ^f rt .xt , x^ jec+T* , o A a X	 -
00516 16,10 Sulu LUNTiNur
,•	 00537 1660 RETURN
03S4U 1670 6001 F U kM AI(4SH00 0$ IT?CAL	 R	 AT	 UtPTM	 HAS
	
kLEN	 FALLFULO
	 IN	 IHL,16,
OCS40 1680 1	 1 44	 ()LOCK	 A N O	 T H L.T4.11 H
	STEP	 A F TLR.IPrI2.3.7H	 CYCLES	 1	 1
OOS41 1690 6J03 F O 4MAI (47H0C k ITICAL	 K	 AT	 SUR F ACE
	 HAS
	
RLF N	LICLLOLU
	
IN	 7 14L.16,
	
1
OOS42 1710 6UIV FOM M 4T17SHyLIMIT	 LUAU	 FRA CTU R I 	 OLCuRS	 IN	 /Ht	 ,16.IH	 40L-UCA	 ,	 1
OOS42 1770 1	 1 4 .A2 H	ST V	 Attrk	 ,IFE12,3,7M	 CT	 Lr51
C	
1
00543 1730 •UO2 FU HM AT(SHIMUN	 4	 Sa	 2UA4
.I	 •	 .	 •/IMO.5UA.76MCnACK
	 la	 A	 YARI	 1Mhu
	 CRACK.	 100643 174• 1	 /IH0,47A.12 H HA LF 	 SURFACE. 50 1 .7HSuRFACI..9A,s H ULPINI
	 I
OUS44 17S• IIUO3 fuk M AlllM	 ,12X.4SM40LEYCK	 SIf P
	ctLIES
	 CNACA	 LEN41M	 .	 1i	 —OUS.0,--tra- --rSWWCRxtTr BTIrTq	 WMARMISURPArt	 KONA TwffrVTW—wRuw,
0()544 177• 211HSO000 M	 k A T E./IH	 ,46A , 4H II N I,IIX•r .1 11r,1,6X113MINSl	 M UOI • ► N1.2X,	 1
OCS4 4 1700 311HIKSI
	
MOOT - I 1.1. 4X .I nH IIN/C t CI[I.NA,IONIIN/C 1ClL1,//1
	 1
OOS." 17V0 h0n4 FIIHMAIIIun6r1.3X.14,713X.1YF12,311
^	
OOS46 180• AU05 rOR4•TIIU..
	 11
6 
.3X,14.713X,IPr12•]II
00647 1.1• ENU
FNU Of CO MPILATION=	 NO VIAUNUSTICS.
— 0 UOf
hI
OOlnl ► • SU§ROUTINL WAND	 1
00103 20 COMMON	 A.APITI.ALI M .AOL121 rC.CY.LLIR.C M 11.IO$101.00.SU ME.	 1
0010! 3• 1 CUMELM.U17.10.101.OA.OKE.DA D I. ► A.IC@I N C. K CL. A CI. K 1lL.	 1
OCIP93 40 2 KOA.KOC.KCRA.KCRC.KMAI.OA.00.PI.R.RE.RTOLIZI.ROLl 21.
Oolnl $• 7 51GrS14lM.SI4Y.SIGYSI10 1 	SMIN1422I.%"All1 •0221 IT" .
- X01 II7"i ce ----^ iJfiT 7T R I T T .T,^LT*^IITi -Tli* ^ til T1^— 	-	 —^^
0010 R• • iSTEY.ITRANS.J.IITTPEr R C.N[OT101.NR.NR(T I IUI. T T/(.777 1 	
0010• •• INTEULR	 ALURN.dLOCK.)LA61.TY ► E14271.TIIL1201	 t
On1cis 100 REAL	 KCL.KCI.KuL.AOA1101.KOC1101.KCRA110 1 .KC R C(101. K M A A.INC	 1
0010• 11• REAL	 AAP.KMINE. KCZ.K M A IE	 1
-VDT1fT--- 179 pr	 •	 rRl hctl.jj	 I
00110 130 If	 INRLTIJI)	 SOC. ► OO.IU	 1
00113 140 10 IF	 (NMETIJ)- 3 1	 70.10.500
00116 150 20 ul-N R LTIJI	 Y__.__	 1
00117 166 IF	 INC-11	 22021.22	 I
00122 I70 21 A.0	 I
u6 1 -73 -
0012• 1 g 21 A.A	 1
00125 206 23 CUNTINuP	 1
00126 lie 4U	 TO	 130.2(10.30016	 JI	 --_--- _.1
00176 770 C
1
00176 230 C 61LLENOON4	 MODEL	 I
—91112 6 	- -TTT
0012 7 21,6 30 RY.IKhAl/SI4Y)002	 I
On110 260 RI.CR(NC.I.J)02.0 ► I
00131 270 NI•I./MI
00112 711. RY.RTOR1	 ._— --	 ---	 -
00131 2v0 IF	 INT-AP(NCI . AI	 50,40.40	 I
- out ]7--
00117 319 RYOLINC)0RY	 I
00140 31• SO AA ► •2•P101APINC1-II
OulVl 336 KAP•S1.RTIKAP10514T _1
00102 340 KMAXE82OKPIAI-KAP	 T
00143 3100 KMINE•II#MlOKNAI	 -	 KAP	 1
—Afl1 tR YI W"-iO sui
00147 370 61) KMINE 00	 I
OOISO 36• TO I 	 IItMAREI	 An.An.VO
00153 300 VU KMAAE.O	 l
001S t' 40• VU DKE •KMAIE-KMTNC	 .....	 _'_.	 1
OOISS 410 RL.KMINE/KMAIE	 I
—vu 1 SR— ttr---
00156 430 C I
OOISa 440 C - RMEELER	 MODEL	 1
00 ► 56 4t'• C 1
00157 40,0 200 RY•IK)IAK/SI6T1002	 1
00160 470 R10CN4NC.I.J162.0P1	 I
00161
00162 490
-RT-1.1ml
RY.RY.RI
	
I
00167 SO* --T IE	 (RY-APINC I *A)	 210.71M.110	 -	 1
00166 SI• 210 APINCI-10MY	 1
0011.7 S20 RYOLINCI.RY
00170 S3• 420 DKLORT/IAPINCI.1)	 I
-- 0 t Tt--fir r
00172 556 UAL•UKE 011.-RI•K04AA	 I
OniT3 56• -_. RE•R	 `.	 -	 -	 1
00174 570 40	 Tu	 410	 1
001 T'f - too 	 -- C - -	 -- - -----"--- -	 —"	 - I
00174 S40 C GRUMMAN CLOSURE MODEL
-OUT 
1+	 i
0017% 610 3017 AL4.N•O
00116 62• rr.CMlNc.tfJl
Onit/ 630 (Fool	 •	 Cw1N(.2,J1
00200 64 0 CrC	 •	 CR(NC.),JI
OoJnl 650 ► 	 •	 CNINC,4,J)
QQ - 1
On2U3 670 4AMI	 •	 CMIfor	 6.JI
0020 4 660 04	 •	 I.AINC.7,J1
Do 2ob 690 wT•(A MA A^)14T1••I
•	 00206 7o• wl•M262•PI
00207 710 RI•I./RI
— IIU
00111 1)• CF7•CIMI.ICrn•CrMl lot I•RI•• ►
00211 740 KC7•C126KMAK
k	 Onl y 7N• IF	 ( WO O MAA - N n L INC I • AULI	 31U,32U.J2u
0021 6 760 310 It0LINC10(A•KMAAI/A01
00217 770
------rttr
C11•Cr M1-IL10- L r M 11• 41 •
 It U L( N C 110 P
—	
_	
—
-._vulzu
00211 790 AOLINLI•A
00272 A^• 31C IF 	 (K M AY •KCLI	 J3n,330.3 41C	 -
00125 #I . 33U GAt•0
00226 026 RE•0
00227 •3• (ou	 to	 4)C
--OT7 a i a -	 •	 - - -- -- M I F IF LzwrrvT-jW17b
00233 A'-•• 316C IF
	
IA/INCI-A-NTI	 .160,)/0.370
00136 no,* )6C ► Cl •KCt • IkCi-R(1 1•I IA- A OI INCII/RTnI ( N CII ••b4 	 --
00237 870 40 TO 400
00240 she 31C 9CLINKC2
00241 910 40 To 4nn
o01 osS 91• 399 4AM•[...MI•(1-4AMII•WM[/INSAT•11
00246 12• RCl•4AM6K MA 
00147 9.10 ALUAN- I
•4• 400 OkC•KMAII•KI.Loom
on 9S• NE-KCL/KMAA
00IS? --	 at. -jT-Y1rT+?AC7•i^II^T 1TTT,,?n.,zn
on15s 97• 410 11	 IAMAt-KUL1	 470,430,42[1
00260 9k0 '02( K(1•rC2
• y	00161 99. KUL•rMAA
00262 loco RGLINCI•N	 --
.-	 On163 101• A(IO NC)•A
'	 - cry ?A*— 604V —^TIIIL7FCTi
OOlAS 103• AYINCI.AULINCI.RTOLINCI
00266 4104• 430 AI TURN
0026 7 IOS• b0[, AI.ITE(6.I000 l	NRrTIJI
00172 106• 1 00 foR M ATIIIMON O C1tJ1	 •	 .I1.1)H	 OUT	 of	 MAN.,[)
00173 107• Slur
00
END Or COMPILATION:
	
No 17IA4NOSTICS•
to
r
1	 6
tw
• 1
`1.
r
Oolnl 16 SUNNOUTIML
	
TCGN08
— V"V " S.
.	 T	 .	 r	 r	 .	 r	 r	 r	 r	 t
00103 36 1	 CuMEIM,DIt.IO,101408,Ok[,DADA,FA.fC.INCrRCLrK(Ir&Ul,
OOIO I 46 Z kOAr&pC. RCRA.KCRCrK1(Ak.OA.oc,Pl#0.R1#110021#ROL(2)
	 —"
00101 be ]	 SIG,SIGlw,51.T,5141SIIp1,SMINIVt21.fNAtivtZlrlwr
00107 46 4	 uN1T14221,.,(1CT0IP.DELTNP.DNTMP.
00103 70 1	 ALORN,S(ULKrFIAGIrI.ICpIZ). lC&121,ICRl2Irl^luCkrIF1RS1r1 /NN141t
lS rT"F-,M l N s ,	 r	 r	 r	 9%W .	 r	 r
001n% 96 INTEGLM	 ALuAN-dLO(.K,FLAGI,TT ► 114tZ),11/11201
0010! IO- REAL	 KCL.KLIrKOLrRDA1101rROCIl0I.KCRA(10I.KCR'C110lrKRRA
00106 116 REAL
	
IN(,kL
00107 126 IF14ST.1
00110 136 1000 J.TTP[111
__-UIITTT rTU- - Tz S DtLaINC@C -
00112 156 IF	 INRtTIJII	 lOSO.lOSO,lO30
00115 160 1010 IF	 IABSIMTOLI111-.0001)	 10SO,IUSO.lnl8
OOIZu 17- 1030 If	 IUtL•.1 6 R V OLll11	 10S0010SO.10v0
00127 1#* 1040 DEL6.1011TUL(1)
00124 196 IOSO C.C60LL
00116 216 IF	 IfLAGII
	
1110,11UO.1110
00171 226 1100 IT 	 —
0n112 216 S140SIULM
00133 246 CALL &ANAL
	 —	 --
0013 4 256 If	 ISI6LM.FC-KCRC1J11	 1110.II1U,1120
- Tr71TT1-I1
00140 276 CLIM-C
00141 ZR- IRLOC&-9LOCK	 -	 --^
00142 190 1%T LP-1
00143 700 CUMELM.CuME
00144 310 IIIO C-C-ULL/2
00146 ll- R.SMIN(II/SMAIIII
00147 340 — CALL KANAL
	 -	 -	 - —	
—
00150 lS- C.0-DtL/2
00151 16- RC.FC6S1G
DOIS2 176 ORC011-016&C
ou1'll 1.• up	 Mc—cwc1*11
tots& 396 11%3 IF	 IFLAGII	 IISb.11S5,115v
M )161 40. 1 111 RRITE16.An191	 IRL0CK.1lT[ ► ,CVMEL M 	i
OOIA6 416 IISS AHI T E	 Ie,6UO 3 I	 PLUCK ,IoCUMC
00171 426 ICR(I)--1
0017 4 476 RETURN
1TIO_Tr. 119U .1170 4 11ru
00200 450 1170 uCuA-0
00201 460 GO	 TO	 1190
00202 47- 1190 KMAA.&C
00201 496 DK-OKC
00[04 496 NC•l
00206 516 D(UA.DADA
00207 12-	 — -- 1180 IF	 (IPRN(2) - IPRN 1 41)	 1191.1195,I19i
On212 S36 1191 11	 IIPMNIIII	 1191,1191.1191
00211 146 1192 W RIT[ (6,8002 1 	ND.TITL
00221 S5- 4611106,01OU71
— ----T7PIZ7 0 —^--
00224 S70 DELTMP-nr
00221 Ss- "" OITM ► .O.	 --_	 --
00226 S90 1191 IF	 11FIRST - 1) 	 114Sr119',.1195
00211 600 1IVq IFIRST • 0	 ---" —	 `-
00212 616 IPMNl21-IPHNIZ I*1
01.1233 -	 *Tw -- -	 ----WWTTTTS -WTMII T BL U L K ,	 .	 .	 19L . Ucijx
11
1^
6 1
001111 630 119b CONTINUE
0029 4 690 If	 focus 	 1100.5000.1710
002111 6be 1200 ICM111.-1
OO1S0 66e RETVRN	 -'
0(11%1 670 1210 AVAIL6UNI?iIl-L(IM ►
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